Abstract
Introduction

34
Biotransformation is a useful way for modifying or producing novel structures and materials, 35 which can then be exploited in a broad range of applications. The enzymatic polymerization 36 and hetero-conjugation of various substrates is a method of primary interest to reach that goal. 37 Biocatalysis is advantageous over chemical procedures, since: (i) it is an environmentally 38 friendly alternative that uses milder and less contaminant reaction conditions [1] and (ii) it can 39 produce more specific cross-links, as many enzymes have high chemo-, regio-, and enantio- with their respective precursors [3] .
44
Versatile peroxidases (VP) are an interesting group of oxidoreductases (EC 1.11.1.16; The lignans used in this study ( Fig. 1) , namely secoisolariciresinol (SECO), 89 hydroxymatairesinol (HMR), matairesinol (MR), cyclolariciresinol (CYCLO), and 7-90 hydroxy-secoisolariciresinol (7-HSECO) were prepared as described earlier [27] [28] [29] Mainz, Germany). The elution profiles were followed at 280 nm with a Waters UV detector.
176
The molar mass distributions (MMD), and weight average molar masses (M w ) were calculated 177 against polystyrene sulphonate (Na-PSS) standards, using the Waters Empower 2 software. The gelation of the cross-linked FAX was monitored by using an AR-G2 rheometer (TA the maximum DP of the products over the reaction time at all solvent concentrations. peptide. As an exception, the polymers from VEPIPY were detected as their sodium adduct.
317 Table 2 shows the experimental and predicted MM from the highest DP molecules 318 synthesized upon VP-treatment, and Fig. 4 depicts the spectra of the reaction products.
319
The peptide length and the position of tyrosine in the sequence had no effect on the DP (Fig. 2) , bypassing these problems.
333
In addition, VP-induced polymerization of peptides was very fast, reaching the 334 maximum DP after 30 min in all cases. Regardless the reaction time, the predominant signals 335 in most spectra corresponded to dimers, although tetramers and trimers were the main peaks 336 detected after 2 h of reaction using GLY or VYV as the substrates, respectively (Fig. 4) . The
337
MMD of the products, derived from MALDI-TOF MS spectra, changed while the reaction 338 proceeded due to the production of larger species. The production of pentamers of GLY, 
344
show that, even at short reaction times, the polymerization degree was higher using VP, even 345 though this enzyme has a more restricted activity compared to laccases, especially due to the 346 low H 2 O 2 concentration tested in this study. Hetero-oligomers were only formed in reactions containing the peptide YIGSR with 364 both lignans (Fig. 6) , although lignan homo-oligomers were also detected. These suggesting that a low percentage of protein was modified (Fig. 7, lane 6) . In contrast, medium 383 and high doses of VP resulted in an almost total fading of the β-casein monomer after 24 h 384 (Fig. 7, lanes 7 and 10) . Moreover, bands higher than 250 kDa were observed at the top of 385 the running gel, corresponding to polymers of at least 10-11 β-casein monomers. Fig. 8 shows an initial increase of both G´ and G´´ followed by a plateau 
Conclusions
422
The modification by enzymatic cross-linking of biomolecules using the VP from P. eryngii 423 has been achieved. Madrid, Spain). This work has been carried out with funding from the EU FP7 project incubation with an enzyme dosage of 1.5 U mL -1 dissolved in water (2) or in urea 6 M (3).
641
Arrows are signaling β-casein monomers. analyzed in duplicate, showing coefficients of variation lower than 5%.
